pH-induced changes in activity and conformation of NADH oxidase from Thermus thermophilus.
Thermus thermophilus NADH oxidase (NOX) activity exhibits a bell-shaped pH-dependency with the maximal rate at pH 5.2 and marked inhibition at lower pH. The first pH transition, from pH 7.2 to pH 5.2, results in more than a 2-fold activity increase with protonation of a group with pKa=6.1+/-0.1. The difference in fluorescence of the free and enzyme-bound flavin strongly indicates that the increase in enzyme activity in a pH-dependent manner is related to a protein-cofactor interaction. Only one amino acid residue, His75, has an intrinsic pKa approximately 6.0 and is localized in proximity (<10 A) to N5-N10 of the isoalloxazine ring and, therefore, is able to participate in such an interaction. Solvent acidification leads to the second pH transition from pH 5.2 to 2.0 that results in complete inhibition of the enzyme with protonation of a group with an apparent pKa=4.0+/-0.1. Inactivation of NOX activity at low pH is not caused by large conformational changes in the quaternary structure as judged by intrinsic viscosity and sedimentation velocity experiments. NOX exists as a dimer even as an apoprotein at acidic conditions. There is a strong coupling between the fluorescence of the enzyme-bound flavin and the intrinsic tryptophans, as demonstrated by energy transfer between Trp47 and the isoalloxazine ring of flavin adenine dinucleotide (FAD). The pH-induced changes in intrinsic tryptophan and FAD fluorescence indicate that inhibition of the FAD-binding enzyme at low pH is related to dissociation of the flavin cofactor, due to protonation of its adenine moiety.